1. The fractional rates of loss of 14C and body-weight were measured in growing female rats after a single dose of [1-Wlmethionine. After the dose, the rats were maintained for 30 d on diets containing graded amounts of methionine and killed at 30 d.
. Composition (g/kg) of basal diet (diet 1 ) and diets with graded levels of methionine (diets 2-5) Analyses The rats were killed by chloroform inhalation and whole carcasses including hair, skin and viscera dried to constant weight in a hot-air oven at 1 0 5 O for 24-48 h. Carcasses were then broken into small pieces and dissolved overnight in 400 m12 M-pOtaSSiUm hydroxide (Neale & Waterlow 19746, 1977) , boiled to dissolve all resistant tissues and diluted to 1 kg total slurry weight with distilled water. Bones were discarded. Respiratory CO, was collected, as previously described, in 50 ml 2 M-KOH (Neale & Waterlow, 19746) . Daily urine was collected on large sheets of filter paper under the cage and extracted with KOH and water. Fat was not extracted from carcasses in these studies since previous work had shown negligible 14C radioactivity in fat after [ l-"C]methionine injection (Neale & Waterlow, 1977) . Carcass-nitrogen analysis was performed on duplicate, weighed samples from carcass slurry using the macro-Kjeldahl method. Carcass samples were prepared for counting by combustion of known amounts in a Packard Tri-Carb Sample Oxidiser (model 306; Packard Instrument Company, Downers Grove, Illinois, USA). The resulting samples were counted in a Tracerlab liquid scintillation counter (ICN Pharmaceuticals (UK) Ltd, Surrey). All other chemical and radioactive estimations were those previously described (Neale & Waterlow, 1 9 7 4~) .
The fractional rate of loss of 14C radioactivity was calculated as described previously (Neale & Waterlow, 1974b) , i.e. from the mean daily output of WO, collected over several days between day 20 and day 30, divided by the mean amount of radioactivity remaining in the body at the end of 30 d.
The absolute rate of methionine loss was calculated as the fractional rate of loss x the total methionine content of the non-collagen, non-hair protein in the body. A value of 1-75 g methionine/lOO g protein (P. J. Reeds, personal communication) was used for this calculation.
The basal diet (diet 1) containing 50 g casein/kg (39 g protein/kg) ( Table 1) was able to support a slow rate of growth in all rats from day 0 to day 17 as shown in Table 2 . Graded levels of methionine given to groups R E between days 17 and 30 produced variable rates of body-weight loss, group E, on the methionine +cysthe-free diet (diet 5), showing the greatest weight loss and being similar to that shown in adult male rats previously (Neale & Waterlow, 1977) . Group A on diet 1 continued to gain weight slowly between days 17 and 30. Food intake on diets 1-5 became stable on day 19 and 20 after adjustment to the change in diet and was 130, 11 1, 119, 121 and 87.4 g/kg rat per d on diets 1-5 respectively. Carcass N expressed in g N/ 100 g body-weight showed no significant differences between groups, except for group C in which it was somewhat lower. No explanation can be given for this result.
CALCULATIONS RESULTS
No measurements of 14C0, loss immediately after injection of the [ l-14C]methionine were made in these studies but previous observations showed this to be very high (9% original 14C dose) after only 2 h (Neale & Waterlow, 1977) . Measurements made subsequently, however, showed average daily losses (% dose) of 2.14 on day 3, 0.89 on day 7, 0.53 on day 10 and 0.43 on day 15. After the change of diet at day 17, subsequent losses for all groups between days 20 and 30 were fairly constant; average values for all groups are shown in Table 3 . It must be emphasized that the 14C02 values were obtained when rats were in the post-absorptive state and would have been at the nadir of the diurnal 14C02 excretion (Wannemacher & Dinterman, 1980) .
LOSS of14c02
Retention of 14C in the body and urinary-14C loss The 14C retained in the body 30 d after injection of [l-14C]methionine, as a percentage of the original 14C dose given, was as follows: group A 22.8, group B 24.7, group C 26.4, group D 24.2, group E 24.3. It was clear that there was little difference in final total body 14C radioactivity whatever diet was fed.
Urinary 14C loss was estimated by daily collection of urine from all five groups. An average value of 5% total daily loss was measured. No measurements were made of faecal losses but these were assumed to be negligible.
Fractional and absolute rates of methionine loss The fractional rates of 14C loss from groups B-E were nearly equal, and lower than that of group A (Table 3 ). The endogenous rates of loss of methionine have been calculated as the product of the fractional rate and the total methionine content of the rat (Table 3 ). The calculation is based on a value of 1.75 g methionhe/ 100 g protein (1 09 mg methionine/g N) (P. J. Reeds, personal communication) . Total body-N is taken as 25 g/kg body-weight (Waterlow & Stephen, 1966) . These values give total body methionine = 2725 mg/kg body-weight.
The relationship between methionine intake, methionine oxidized and change in body methionine content Table 4 shows a calculation of apparent methionine balance. The apparent balance = (methionine intake) + / -(methionine content of tissue lost/gained) -(protein-bound methionine oxidized). The table shows that apparent balance is achieved only at zero methionine intake. The greater the intake, the larger the amount of methionine unaccounted for. The possible reasons for this will be considered in the discussion.
DISCUSSION
The primary objective of this work was to measure the rate of irreversible endogenous oxidation of methionine in the rat, as a basis for determining the methionine requirement. We have reported previous studies with leucine and lysine with the same experimental design (Neale & Waterlow, 1974b , 1977 . The endogenous amino acid oxidation is conceptually equivalent to the obligatory loss of total N (Food and Agriculture Organization/World Health Organization, 1973). In both cases the minimum dietary intake needed to replace the losses, i.e. the requirement, will be greater than the loss because utilization is unlikely to be 100% efficient. In these experiments we have not been able to determine the efficiency of utilization. The figure we have obtained represents the theoretical minimum requirement, if utilization of dietary methionine were 100% efficient.
The validity of the results depends upon assumptions discussed in previous papers (Neale & Waterlow, 1974 b, 1977 ) that under the experimental conditions chosen there is reasonably uniform labelling of body proteins and that re-utilization of the 14C atom by uptake into other amino acids is negligible once it has been detached from methionine. The latter assumption seems justified by the very large dilution which occurs in the bicarbonate pool. If these two assumptions are accepted, it can be concluded that the fractional rate of loss of 14C0, is equal to the fractional rate of oxidation of protein-bound methionine.
The next step is to convert the fractional into an absolute rate of loss. For this we need to know the size of the protein-bound methionine pool from which the '*CO, is derived. The value used in Table 3 was based on measurements made on the whole rat. It may be contended that this over-estimates the size of the methionine pool which is turning over, because the whole rat contains some protein-bound methionine which is virtually not turning over, for example, in connetive tissue and in hair. To check this point we have made an independent calculation of the methionine pool size. From the results of Waterlow & Stephen (1966) it may be assumed that 70% of whole-body protein in the rat is non-collagen, non-hair protein. We further assume that the methionine content of muscle is representative of that of all non-collagen, non-hair protein. The methionine content of rat muscle was found by E. B. Fern (personal communication) to be 150 mg/g N. From these values the size of turning-over methionine pool may be calculated as (150 x 0.7 x 25) = 2625 mg/kg body-weight. This is only 4% less than the figure based on whole-body analysis, so that the values in Table 3 for the absolute rate of methionine oxidation are not likely to be in serious error. As shown in the results section, the outcome of these calculations is a value of 35 mg/kg rat per d for the endogenous methionine loss. This is lower than Said & Hegsted's (1970) estimate of 77 mg/kg per d (43 mg/kg body-~eighto'~) as the requirement of methionine without cystine.
A second objective of this experiment was to find out whether there is any evidence of adaptation in the rate of endogenous methionine oxidation at different levels of methionine intake. The results in Table 3 show that in all the groups of rats who were losing weight, the rate of endogenous oxidation was the same. However, in the rats of group A, which were gaining weight, the rate of oxidation was slightly higher. The conclusion seems to be that below the level of maintenance (zero weight change) there is no further adaptation.
Although it was not part of the objective of this study, it seemed of interest to examine the methionine balance in these rats (Table 4) . In all rats, except those on zero methionine intake, there was a substantial amount of methionine unaccounted for, an amount which increases with increasing intake. Theoretically, the net balance = intake -loss. In group C, for example, with intake 87 mg and endogenous loss 35 mg methionine/kg rat per d, after allowing for theoretical methionine content lost in body-weight, there should be a positive balance of 72 mg/kg rat per d. This discrepancy becomes even greater if one assumes that available at https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19830083 the small amounts of weight lost include a loss of protein and therefore of methionine (see Table 4 ). In the five groups of rats the methionine unaccounted for amounted to A + 203, B +94, C +72, D +39, E +3*3 mg methionine/kg rat per d. What has happened to this methionine ?
(1) (2) Storage in the free form seems unlikely on general grounds. Retention as newly deposited protein seems unlikely because all the rats except those of group A lost weight. Theoretically, the rats could be in positive nitrogen balance and negative energy balance, but then the N concentration in the body should be higher in the groups supposedly 'storing' more methionine. The values in Table 2 (last column) show that this was not so. Some loss will be occurring from the desquamation of hair. We have no measure of its magnitude, but it seems highly unlikely that it will vary in this way with the dietary intake. The most reasonable explanation seems to be that the unmeasured losses represent oxidation of unlabelled methionine from the food.
If point 4 is the explanation, two conclusions follow. First, the losses are surprisingly high. For example, in group C, even if the efficiency of utilization of dietary methionine was only SO%, the intake should have been enough to balance the endogenous loss and preserve a steady-state without weight loss. These results, therefore, suggest that methionine was not the limiting factor in the diet of these rats, and that they were getting surplus methionine which they could not utilize for growth. Even if that is so, it in no way invalidates the conclusions drawn about the rate of endogenous oxidation.
The second point is that if the methionine unaccounted for in the balance equation represents dietary methionine with is oxidated, then it implies that there is incomplete mixing in the free amino acid pool between dietary rnethionine and methionine derived from the oxidation of protein. Ifmixing were complete, on the higher methionine intakes there should be a larger excretion of 14C02, because a smaller proportion of the labelled methionine liberated by protein breakdown would be reutilized for protein synthesis. It must, of course, be borne in mind that the measurements of 14C0, output were made with the rats in the post-absorptive state, when they were not receiving food and thus at the nadir of 14C0, output (Wannemacher & Dinterman, 1980) . This question of the completeness of mixing is clearly one which needs further investigation.
(3) (4)
